Our goal was to identify the cells expressing Pit-1 protein in chicken anterior pituitary. The anterior pituitaries were collected from laying hens after perfusion with formalin-PBS, and fixed with Bouin's fixative followed by paraffin embedding. Sections of the anterior pituitaries were immunostained for Pit-1 in the first staining sequence followed by staining for 6 types of pituitary hormones in the second sequence. Pit-1 positive nuclei were observed in the glandular cells in both the cephalic and caudal lobes. Pit-1 immunoreaction products were colocalized in the glandular cells immunopositive for growth hormone, thyroid-stimulating hormone, follicle-stimulating hormone, luteinizing hormone, adrenocorticotropic hormone or prolactin. These results indicate that Pit-1 protein induction occurs in 6 types of glandular cells, suggesting that Pit-1 may regulate hormone synthesis in each glandular cell in the chicken pituitary.
he anterior pituitary hormones play significant roles in egg production [1] , and the glandular cell population and functions change in relation to the egg-laying activity [2] [3] [4] . Recent studies have shown that Pit-1, a POU (named after Pit-1, Oct-1, Oct-2 and Unc-86) domain transcription factor, is specifically expressed in the anterior pituitary in mammals. Although the functions of pituitary glandular cells are regulated by hypothalamic hormones, Pit-1 is required for the gene expression and normal cellular differentiation of pituitary glandular cells [5] [6] [7] . Previous reports described that Pit-1 mRNA was expressed in all the types of hormone producing cells, whereas its protein induction was limited to the cells containing growth hormone (GH), prolactin (PR L) and thyroid-stimulating hormone (TSH) β-subunit in humans and rodents [8, 9] . Recently, however, Yamada et al. [10] observed Pit-1 induction also in c o r t i c o t r op e s ( A C T H c e l l s ) i n h u m a n . Furthermore, a significant number of Pit-1 nuclei were positive in the glandular cells including gonadotropes of the rat [11] . In birds, Pit-1 gene has been cloned from turkey and chicken pituitary [12] [13] [14] , and we showed that Pit-1 protein induction was changed with inhibition and resumption of feeding [15] . However, there has been no report that identified the cell types of anterior pituitary containing Pit-1 in birds. Therefore, the goal of the present study was to identify the cells containing Pit-1 protein in the chicken anterior pituitary.
Materials and Methods

Birds and tissue preparation
A t o t a l o f f i v e w h i te L e g h o r n h e n s (approximately 500 days old) laying three eggs or more in a sequence were kept in individual cages under a daily lighting regimen of 14 h light and 10 h dark. Egg laying of each bird was recorded everyday. All the birds were provided with feed and water ad libitum during the experimental period. The pituitary tissues were collected after euthanatizing the birds with an overdose injection of Nembutal ® (Abbott laboratories, Cicago, IL, USA) followed by perfusion with formalin-PBS. The collected pituitary tissues were immersed in Bouin's fixative and embedded in paraffin. Midsagittal sections of the anterior pituitary (6 µm thick) were air dried on slides. Two sections were pr ep ar ed fr o m eac h pit uit ary fo r repeated observations.
Double-immunohistochemical staining
The primary antibodies used in this study were rabbit polyclonal antibody to rat Pit-1 (Santa Cruz Biotechnology Inc., CA, USA; diluted to 1:5), rabbit anti-ovine LH (NIDDK, diluted to 1:50), guinea pig anti-ovine follicle-stimulating hormone (NIDDK, diluted to 1:50), rabbit anti-ovine PRL (NIDDK, diluted to 1:500), rabbit anti-human thyroid stimulating hormone (YLEM Co., Roma, Italy; provided as ready to use), rabbit anti-human GH (YLEM Co.; provided as ready to use) and rabbit anti-human adrenocorticotropic hormone (Quartett Co ., Berlin, Germ any; diluted to 1 :5 ). PBS containing 5% milk casein was used for the dilution of Pit-1 antibody and only PBS was used for the dilution of the hormone antibodies.
The sections were washed with PBS for 15 min (3 × 5 min) and incubated in 5% milk casein for 10 min to block the nonspecific bindings of antibodies. They were incubated for 48 h with the anti-Pit-1 antibody. The immunoreaction products were identified using Vectastain ABC-PO kit (Vector Laboratories, Burlingame, CA, USA) according to the manufacturer's protocol. Briefly, sections were incubated with biotinylated anti-rabbit IgG followed by incubation with avidin peroxidase complex for 1 h each. Immunoreactions were visualized by incubating the sections with a r e a c ti o n m i x tu r e o f 0 . 0 2 % ( w / v ) 3 , 3 ' -diaminobenzidine tetrahydrochloride (Nacalai Tesque Inc., Kyoto, Japan) and 0.005% (v/v) H2O2 in 0.05 M Tris-HCl, pH 7.6. Then the sections were washed with running tap water for 15 min followed by washing with 0.1 M glycin-HCl, pH 2.2, for 2 h (3 × 40 min) to dissociate the Pit-1 antibodies from the sections that were used in the first sequence of immunocytochemistry, and washed with PBS for 15 min (3 × 5 min). For the second sequence of double im munostaining, pituitary hormone immunocytochemistry was performed as described by Chowdhury and Yoshimura [2] . Briefly, sections were incubated with the antibodies to hormones overnight at 4 C. The GH, TSH, LH, ACTH and PRL immunoreactions were detected using the Vectastain ABC-PO kit. For the detection of FSH immunoreactions anti-guinea pig IgG conjugated with peroxidase (IgG-POD; ICN Co., Temecula, CA, USA) was used. For the former the sections were incubated with biotinylated antirabbit IgG for 30 min and then with avidinperoxidase complex for 30 min, and for the latter the sections were incubated with anti-guinea pig IgG-POD for 30 min. Immunoreaction products were detected with TrueBlue peroxidase substrates (KPL; Gaithersburg, MD, USA). Sections were then washed with distilled water for 10 min (2 × 5 min), dehydrated with graded alcohol, thoroughly airdried and covered. The specificity of Pit-1 and hormone antibodies were confirmed by control staining, in which the primary antibodies to hormones were replaced with normal rabbit or guinea pig IgG.
Results and Discussion
Immunoreaction products for Pit-1 appeared in many of the glandular cells in both cephalic and c a u d a l l o b e s ( F i g . 1 ) . T h e n u c l e a r P i t -1 immunostaining was colocalized with cytoplasmic immunoreactivity for GH, TSH, FSH, LH, ACTH or PRL (Fig. 2) . The hormone immunoreactive cells did not show Pit-1 immunoreaction in every glandular cell (Fig. 2) . The same results were repeatedly observed in all birds.
The glandular structure of the anterior pituitary consists of hormone producing glandular cells and folliculo-stellate (FS) cells [16] , whereas Pit-1 induction was confined to the glandular cells. Previously, researchers suggested significant roles for Pit-1 in the regulation of PRL, GH and TSH gene expression and secretion in the chicken pituitary [14, 17, 18] . However, the current study found the induction of Pit-1 in 6 types of glandular cell (GH, TSH, PRL, FSH, LH or ACTH cells). These findings correspond to those reported in mammalian studies, in which colocalized Pit-1 was found not only in GH, PRL and TSH cells but also in FSH, LH and ACTH cells [10, 11] . Furthermore, the presence of Pit-1 positive cells in both the cephalic and caudal lobes may be due to the expression of Pit-1 in the six types of glandular cell distributed in the cephalic and/or caudal lobes. In the chicken pituitary ACTH and PRL cells are located in the cephalic lobe, GH cells are in the caudal lobe and FSH, LH and TSH cells are in both the cephalic and caudal lobes [2, 19, 20] . Some glandular cells were negative for Pit-1 immunoreaction. These Pit-1 negative glandular cells may be deficient in cellular functions responsive to physiological conditions as reported by Vidal et al. [11] and Matsuzaki et al. [21] . Taken together, our results suggest that Pit-1 induction occurs in 6 types of pituitary glandular cells in the chicken. Pit-1 protein may act as a local regulation factor for pituitary hormone synthesis in each glandular cell.
